Although acidosis has long been known to cause vasodilation in certain systemic vascular beds (1-3), its effect on the pulmonary vessels remains unsettled. This uncertainty stems from the inconsistent effects of an acute change in blood pH on the pulmonary circulation of the isolated lung (4-8) and of the lung perfused in situ (9), and the lack of observations on intact animals and man.
Liljestrand, on the basis of experiments involving the exposure of the isolated lung to severe hypoxia, recently proposed that the release of lactic acid from the cells of the lung is responsible for the increase in pulmonary arterial pressure during acute hypoxia (10) . However, it is not clear to what extent this hypothesis, based on the behavior of an artificial preparation during drastic experimental conditions, applies to the behavior of the normal pulmonary circulation of either the intact animal or man during less severe hypoxia.
The present study was designed to assess the role of acidosis in the regulation of the pulmonary circulation of intact animals and man. We found that acidosis can increase pulmonary vascular resistance. Experiments were then undertaken: 1) to distinguish between the effects of the hydrogen ion and the effects of the associated anions on the pulmonary circulation, and 2) to determine the role of acidosis in the pulmonary arterial pressor responses to acute hypoxia and to acute hypercapnia.
SUBJECTS AND METHODS
Acute acidosis. In order to avoid the increase in minute ventilation which acidosis evokes in unanesthetized * Supported in part by Grant H-2299 (C3) from the National Heart Institute, with additional support from the American Heart Association and the New York Heart Association. Presented in part at the Conference on In-Vitro and In-Vivo Effects of Amine Buffers, The New York Academy of Sciences, December 12, 1960. t Senior Fellow of the New York Heart Association. Each type of experiment consisted of four periods; each period lasted for 15 to 20 minutes. The first type of experiment, involving the comparison of the effects of lactic with hydrochloric acid, consisted of the following periods: 1) control, i.e., ambient air breathing during the intravenous infusion of normal saline at a rate of 4 ml per minute; 2) the infusion of 0.3 M lactic acid at the same rate; 3) repeat control, 30 minutes after the second period, when the arterial blood pH had returned toward normal; and 4) the infusion of 0.3 M hydrochloric acid at the same rate. The second type of experiment, which compared the effects of lactic acid and acute hypercapnia, was the same as the first, except for the fourth period, when an inspired mixture containing 5 per cent CO. in air was substituted for ambient air, and normal saline was infused at the standard rate of 4 ml per minute. For the third type of experiment, which tested the effects of acute acidosis during acute hypoxia, the first two periods were the same as the first two periods of the previous experiments; during the third period, an inspired mixture of 12 per cent 0, in N. was substituted for ambient air; during the fourth period, an infusion of 0.3 M lactic acid, at the rate of 4 ml per min, was substituted for the normal saline as the dog continued to breathe the hypoxic inspired mixture.
Blood pressures were recorded, at different paper speeds, either continuously or at 1-minute intervals. (1 m
('0C14~(1 000 0000 000 00 00 00C00 pressures in the left ventricle were taken, in rapid succession, at several different gains. Expired gas for the calculation of the oxygen uptake and the respiratory exchange ratio was collected in a 13-L spirometer during the final 2 minutes of each period; blood samples were drawn simultaneously from the brachial and pulmonary arteries during the middle minute of gas collection for the determination by the Fick principle of the cardiac output. Acute alkalosis. The effects of acute alkalosis in modifying the pulmonary arterial pressor response to acute hypoxia were studied in unanesthetized normal human subjects. The subjects were six men and three women, ranging in age from 17 to 47 years. All studies were performed in the morning after an overnight fast. An indwelling needle was inserted into the brachial artery and a no. 8 cardiac catheter was passed from the antebrachial vein into the pulmonary artery (11) . An opencircuit breathing system was used to deliver either ambient air or the hypoxic gas and to collect expired air in a 120-L gasometer. Each study consisted of four periods: 1) control, ambient air breathing; 2) acute hypoxia, during which an inspired mixture of 12 per cent 02 in N. was substituted for ambient air; 3) ambient air breathing plus alkali; and 4) acute hypoxia plus alkali. Throughout each study an infusion of fluid was continued at the rate of 6 ml per minute; in five subjects normal saline was infused until 25 minutes before the start of period 3 when a solution of 0.3 M Tris was substituted for the saline; in four other subjects a solution of 0.3 M sodium bicarbonate was substituted for the saline. During periods 2 and 4 the hypoxic inspired gas mixture was administered for the last 15 to 20 minutes of the period. As in the animal experiments, the appropriate blood and gas samples were collected during the final 2 minutes of each period.
Analytic techniques and calculations. The same analytic techniques were used in both sets of experiments. Blood pressures were recorded from the intracardiac catheters by strain gauges and an oscilloscope recorder (Electronics for Medicine). Cardiac output was measured by the Fick principle during a steady state of respiration and circulation (12) . The 02 and CO2 contents of expired air were measured by the micro-Scholander technique The arterial CO2 tension was calculated from the pH and the CO2 content of serum, by use of the line charts of Van Slyke and Sendroy (16) . The pulmonary vascular resistance was calculated as the ratio of mean pulmonary arterial pressure minus mean left ventricular diastolic pressure to the cardiac output.
For the 22 experimental periods involving acidosis, the constants in the best linear equations relating pulmonary vascular resistance to arterial blood pH, on the one hand. and to arterial blood Pco2, on the other, were calculated by the method of least squares; their significance was estimated by the Fisher t test. Similar statistical analyses were performed for the relationship between pulmonary vascular resistance and arterial blood pH produced by the infusion of lactic acid, the infusion of hydrochloric acid, and the breathing of CO2, respectively.
RESULTS

Acute acidosis
Lactic acid versus hydrochloric acid. The effects of these acids on the pulmonary circulation of four dogs are compared in Table I Figure 1 , each symbol represents an individual animal. For equivalent decreases in pH, an infusion of lactic acid produces the same increase in pulmonary vascular resistance during ambient air breathing as during the breathing of 12 per cent 02 in N2.
itemized for four dogs in the bottom portion of Table I . In these animals the infusion of lactic acid during ambient air breathing was associated with an average increase in pulmonary arterial pressure of 4 mm Hg. Acute hypoxia elicited an approximately equal increase; the infusion of lactic acid during acute hypoxia evoked a further increase of 3 mm Hg. The change in pulmonary vascular resistance that accompanies lactic acidemia during ambient breathing is compared with the change evoked by lactic acidemia during acute hypoxia in Figure 2 . It may be seen that in each dog, lactic acidemia without hypoxia (left panel) elicited an increase in resistance corresponding to that previously observed in the first seven dogs of Table I . The substitution of the hypoxic inspired mixture for ambient air (right panel) elicited a further increase in resistance. The increment in resistance per unit decrement in arterial pH was similar, however, during ambient air breathing and during acute hypoxia.
Statistical analysis of data. The increase in pulmonary vascular resistance during the 22 periods of acidosis in the 11 dogs is statistically significant (SE = 0.019; p < 0.01). Moreover, a statistically significant relationship exists between the incre- position of arterial blood, the pulmonary circulation, and the systemic blood pressure are summarized for each of the five human subjects in the upper portion of Table II . Despite the alkalosis induced by Tris, the changes in arterial oxygen saturation and CO2 tension during acute hypoxia were approximately the same before and after the infusion of the buffer. Figure 3 summarizes the average effects of acute hypoxia on the circulation before and after the infusion of Tris. It may be seen that both the pH and the cardiac output continued to increase during the course of the experiments. Nonetheless, the magnitude and the pattern of change of the pulmonary arterial pressure were unaffected by the infusions. The brachial arterial pressure remained virtually unchanged during the consecutive periods.
Sodium bicarbonate. The experiments involving the use of sodium bicarbonate instead of Tris are detailed for the four human. subjects in the lower half of Table II 
